ABSTRACT
INTRODUCTION
Hard turning is the process of single point cutting of hardened ferrous material with a hardness value more than 45HRC in order to obtain finished workpieces directly from hardened parts [1] [2] [3] [4] [5] . Hardened steels are most widely used in multiple industrial applications like automotive, aeronautics, tool design and mold design.Many industrial steel components under influence of critical loads from automotive and aerospace parts to bearing and forming tool are made of hardened steel. These parts are normally finished by grinding, which is time consuming and costly. For this reason, hard turning has become the most important substitute to grinding for hardened steels [6, 7] .With advent of new kind of tools such as Cubic Boron Nitride (CBN), Polycrystalline Cubic Boron Nitride (PCBN), poly-crystalline diamond (PCD), coated, Chemical Vapor Deposition (CVD), Physical Vapor Deposition (PVD) and ceramic tools, better surface finish will be accessible without any finishing and complementary operation such as grinding. Reduction in machining costs, elimination of cutting fluids, increase in the flexibility and efficiency, reduction in part-handling costs and finally decrease in the set-up times when compared to grinding process are the advantages of hard turning [1, 4] . Achieving better surface quality, tool life and dimensional accuracy are of crucial concerns in turning of hardened steels [4] . The major focus of present research is on surface roughness of the machined surfaces and it is one of the most important product quality characteristics. Achieving the suitable surface quality in hard turning especially in comparison with grinding is of great importance to the functional behavior of a machined part. Very few studies are reported on hard turning of AISI D3 with ceramic tool and also comparison of machining of both AISI D3 and AISI H13. The main scope of the present research is the experimental investigation of the effect of machining parameters (i.e., cutting speed, feed rate, depth of cut) on surface roughness in hard turning process of AISI D3 and AISI H13. In this experimental work, ANOVA is used to know the percentage of contribution of each parameter on performance. To analyze the effect of process parameters on surface roughness by plotting main effects graph and their individual interactions. Moreover, RSM and regression analysis are used to establish the correlation between factors and responses. Al 2 O 3 /TiN-coated tungsten carbide tools for finish-turning of NiCr20TiAl nickel-based alloy under various cutting conditions, cutting forces, surface integrity and tool wear are investigated and the inter-diffusing and transferring of elements between Al 2 O 3 /TiN-coated tungsten carbide tool and NiCr20TiAl nickel-based alloy are studied [8] . Investigated the cutting performance of tungsten carbide tools with restricted contact length and multilayer chemical vapor deposition coatings, TiCN/Al 2 O 3 /TiN and TiCN/Al 2 O 3 -TiN in dry turning of AISI 4140 and the results show that coating layouts and cutting tool edge geometry can significantly affect heat distribution into the cutting tool [9] . Presented an optimization method of the machining parameters in high-speed machining of stainless steel using coated carbide tool to achieve minimum cutting forces and better surface roughness using Taguchi's technique and pareto ANOVA and found that the feed rate is found to be more significant followed by the cutting speed and the depth of cut [10] .
A method developed to identify surface roughness based on measurement of workpiece surface temperature and root mean square for feed vibration of the cutting tool during turning mild steel using grey relational analysis [11] . Machinability of hardened steel using grey relational approach and ANOVA to obtain optimum process parameters considering MRR, surface finish, tool wear and tool life for both rough and finish machining [12] . Multi-response optimization of turning parameters and nose radius over surface roughness and power consumed using Taguchi based grey relational approach and found that the main influencing parameter is cutting speed followed by feed rate and depth of cut [13] . In turning operations, for multi-response optimization Taguchi based grey relational approach is used to identify the optimum conditions to obtain better results [14, 15] . Prediction of flank wear and surface roughness during hard turning is performed using uncoated carbide inserts of various tool geometries [16] .
Experimentation
The materials used for experiments are AISI D3 and AISI H13. Bars of diameter 70 mm x 360 mm long are prepared. Test sample is trued, centred and cleaned by removing a 2 mm layer prior to actual machining tests. The chemical composition of the work piece materials are given in Table.1 and Table. 2.The AISI D3 is oil-quenched from 980 o C (1800 o F) for hardening, followed by tempering at 200 o C to attain 62HRC. The AISI H13 is hardened by oil quenching from 1050 o C and tempered at 600 o C to attain 62 HRC. The cutting insert used is a mixed ceramic removable, of square form with eight cutting edges and having designation SNGA 120408 T01020 (Sandvik make CC6050) is a mixed ceramic grade based on alumina with an addition of titanium carbide. The high hot-hardness, the good level of toughness makes the grade suitable as first choice for machining hardened steels (50 -65HRC) in applications with good stability or with light interrupted cuts. The inserts are mounted on a commercial tool holder of designation PSBNR 2525 M 12 (ISO) with the geometry of active part characterized by the following angles: χ = 75°; α = 6°; γ = −6°; λ = −6°. Three levels are defined for each cutting variable as given in Table. 3. The variable levels are chosen within the intervals according to recommendations made by the cutting tool manufacturer. Three selected cutting variables at three levels led to a total of 20 tests. 
ANALYSIS OF RESULTS
The analysis is made by considering experimental results of surface roughness (R a ) for various combinations of cutting conditions (cutting speed, feed rate and depth of cut) as per the design matrix. Data is analyzed statistically usingANOVA, Contour plots and Surface plots are shown and discussed in the following sections.
Statistical Analysis
In RSM, the quantitative form of the relationship between the desired response and independent input process parameters can be represented by [17] .
Where Y is the desired response and f is the response function. In the present investigation, the RSM-based mathematical model for surface roughness Ra, has been developed with cutting speed Vc, feed rate f and depth of cut a p as the process parameters. The response surface equation for three factors is given by [17] . 
Whereܺ ଵ is Speed, ܺ ଶ is Feed and ܺ ଷ is Depth of cut.
Scatter plots identifies the relationship between two variables whether the relationship is positive, negative, or no relationship can be easily detected. It can be observed from figure. 1 the residuals are located on straight line, which means that the errors are distributed normally. Hence the developed empirical models can represent the process significantly. Therefore these models can be further used for optimization of process parameters such as speed, feed and depth of cut. 
Analysis of Variance
It is clear from the results of ANOVA that the feed is the dominant factor affecting surface finish Ra. The second factor influencing Ra is cutting speed x feed for AISI D3 shown in table.6. Table. 7.shown below is ANOVA for AISI H13.To understand the hard turning process in terms of surface roughness Ra, mathematical modelsare developed using multiple regression method. Ra models are given by equations (3&4). Its coefficient of correlation R 2 is 92.8 for AISI D3 and its value 75.87 for AISI H13.
The ANOVA has been applied to check the adequacy of the developed models. The ANOVA table consists of sum of squares and degrees of freedom. The sum of squares is performed into contributions from the polynomial model and the experimental value and was calculated by the following equation (5):
The mean square is the ratio of sum of squares to degrees of freedom was calculated by the following equation (6):
F-value is the ratio of mean square of regression model to the mean square of the experimental error was calculated by the following equation (7):
This analysis was out for a 5 % significance level, i.e., for a 95 % confidence level. The percentage of each factor contribution (Cont. %) on the total variation, then indicating the degree of influence on the result, was calculated by the following equation (8) : ‫.ݐ݊ܿ‬ % = ௌௌ ௌௌ ܺ100 (8) A low P-value indicates statistical significance for the source on the corresponding response. It is clear from the results of ANOVA that the depth of cut is the dominant factor affecting surface finish. To understand the hard turning process in terms of surface roughness Ra, mathematical model is developed using multiple regression method. Ra model is given by equations 1 and 2. Its coefficient of correlation R 2 is 92.80% for AISI D3 steel and 75.87% for AISI H13 steel. 
Contour Plots for Surface Roughness Vs Speed, Feed and Depth of cut.
Contour plots play a very important role in the study of the response surface. By creating contour plots using software for response surface analysis, the optimum is located by characterizing the shape of the surface. Circular shaped contour represents the independence of factor effects and elliptical contours may indicate factor interaction. The contours of AISI D3 and AISI H13 responses are shown in figure.2. (a-f) .The surface roughness is clearly shown that minimum roughness is at low value of feed, because feed is the most influencing factor for surface roughness. Ra is minimum at low depth of cut and also at low speed. figure 3a , 3c, 3e for AISI D3 and these figures obtained by RSM Fig. 3(a) presents the influences of cutting speed (Vc) and feed rate (f) on the surface roughness, while the depth of cut (a p ) is kept at the middle level. Fig.3(c) shows the estimated response surface in relation to the cutting speed (Vc) and depth of cut (a p ), while feed rate (f) is kept at the middle level. The effects of the feed rate (f) and depth of cut (a p ) on the surface roughness components are shown in Fig. 3(e) , while the cutting speed (Vc) is kept at the middle level. For each plot, the variables not represented are held at a constant value (the middle level) for AISI D3. For AISI H13 figures shown in 3b, 3d and 3f.These 3D plots confirm the nodes observed during the principal effects plots analysis. 
4.Conclusions
The tests of straight turning carried out on AISI D3 and AISI H13 steels treated at 62 HRC, machined by a mixed ceramic tool enabled us to develop statistical models of surface roughness criteria.
The results revealthat the feed rate isthe most influencing parameter on surface roughness, than cutting speed and depth of cut for AISI D3. Surface roughness AISI H13 is influenced mostly by cutting speed than the other parameters such as feed rate and depth of cut. Statistical models deduced defined degree of influence of each machining condition on surface roughness criteria. These models can also be used for the optimization of hard turning process. This study confirms that in dry hard turning of AISI D3 and 
